Abstract. -The photoconductivity spectrum of Cu 2 0 at 4 K is studied in crystals submitted to different treatments. The role of strained zones near inclusions in the dissociation process of excitons in free carriers is pointed out. A direct correlation exists between the density of inclusions and the intensity of the photocurrent. The band to band photocurrent is submitted to the same variations as the excitonic photocurrent.
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1. Introduction. -Excitons in semi-insulating compounds are suitable metastable states for the creation of free carriers. It is obvious that delocalized Wannier excitons (in CdS or Cu 2 0 for example [1, 2] ) as well as localized Frenkel excitons (in molecular crystals [3] ) are at the origin of free carriers creation. Up to now, only phenomenological model are available to interpret this phenomenon : excitons created by light migrate towards charged defects where the release of carriers occurs. It is our purpose to determine the parameters which are responsible for this process in the case of cuprous oxide crystals. This compound is appropriate for a detailed study of excitonic photoconductivity :
• the properties of the excitons are known in normal crystal as well as in externally perturbed crystal [4] ;
• experiments are made in a spectral region which corresponds to the creation of excitons in the bulk of the crystal.
The interest of such work is twofold. It could be possible to know in which conditions the quantum efficiency for the release of carriers is maximum, especially at low temperature. In other respects, excitons could be considered as probes for the characterization of structural defects in crystals. Samples Co are as grown crystals. Their resistivity at room temperature is low (p --102S2.crn).
Under microscope and between crossed polarizers we observe inclusions in the bulk of the crystals (Fig. 1) . Birefringent regions exist in their vicinity. These zones are distributed along tetrad axes and have an extension of several microns around the inclusions. A rotation of 4 5 O of the crystal extinguishes the transparent zones. In this position, the polarizers are parallel to tetrad axes. These inclusions are identified as a complex of cupric oxide precipitates and cavities [5] . They are also called teratoids [6] .
Samples C , are Co samples which have been annealed at 10500 under an oxygen pressure of 5.0 torr and slowly cooled. Their resistivity at room temperature is several order of magnitude higher (p -lo6 Q.cm). We do not observe any inclusions and strained regions.
Samples CX are C, samples submitted to a plastic deformation of 10 % along [ l i~] [7] . Between crossed polarizers these samples exhibit large strained regions, the symmetry of which is identical to the strained regions around teratoids (Fig. 2) . Their resistivity at room temperature is intermediate between C , and C , samples.
3. Experimental results. -3 .1 SPECTRAL RESPONSE OF THE PROTOCURRENT AT 4 K. -The photocurrent spectra are shown in figure 3 for the three types of crystal (in fact the same crystal with the different treatments). Their general shape is similar, starting from the low energy side we observe successively : the 1 S exciton level at 6 098 A (unless for the C , crystal), an edge at 6 050 A which corresponds to the formation of an 1 S exciton and a phonon, excitons of higher quantum number with P symmetry, the band to band edge at about 5 700 A. However, the intensities of the photoresponse are very different from sample to sample. The result of annealing is the decrease of three orders of magnitude. The result of creep is the increase of one order of magnitude. It is surprising to see that the photocurrent In figure 4 we show that the corresponding photocurrent response of a C, crystal is no more anisotropic and that the shape at low applied potential is complex : a dip takes place at the maximum of absorption. This last effect is limited to low applied potential : it disappears if the applied potential is higher than 10 V. In C , samples the photocurrent response is anisotropic as the absorption : In figure 3 , the 1 S photocurrent peak do not exist for C, sample. On the other hand, the shape of the peak is identical to the shape of the absorption line (in particular, their width is the same).
In CX samples the 1 S line is no more anisotropic in the photocurrent spectrum.
In reference [8] we have shown that the vanishing of the anisotropy is due to free carriers creation in region of the crystal where an electric field perturbs strongly the oscillator strength of the optical transition. The splitting of the photoresponse indicates that these regions are under stress : the dip of photocurrent shows that the efficiency of the process is low in unstrained zones. figure 3 , the variations of dark current and photocurrent at 6098 A versus applied potential are represented for a C, sample at 4 K. It exhibits a quadratic behaviour between 0.5 and 10 V for the dark current. In the same interval the photocurrent is also superlinear. An anisotropy appears for V > 10 V. In C , and CX samples the variations are linear whatever the value of the applied potential.
PHOTOCURRENT VERSUS APPLIED POTENTIAL AND LIGHT INTENSITY. -In
The quadratic dependence of the dark current indicates that a reservoir of charges exist in the C, samples. This space charge is swept out by potential higher than 10 V. The vanishing of this space charge corresponds to an increase of the photocurrent. It corresponds also to the change of the shape of the photoresponse curve in the 1 S excitonic line as seen in 3 .2.
The variation of the photocurrent with light intensity is quite linear for all samples. This behaviour is independant on the value of the applied potential and even on the wavelength. The excitonic (A = 6 098 A) and the band to band ( A = 5 700 A) photocurrents exhibit the same variation.
4, Release of free carriers by excitons in Cu,O. -
An excitonic photocurrent appears in samples where a great density of inclusions exists. These inclusions of CuO constitute a stress which is at the origin of strained regions where birefringence occurs (Fig. 1) . One interpretation could be that a photoelastic effect is induced by the inclusions which play the role of a permanent stress. However, no electric ficld can be generated by piezoelectricity because Cu,O is a centrosymmetrical crystal. Furthermore, if an uniaxial pressure is applied along a diad axis of an 0, cubic crystal, this axis has to be one of the principal axes of the ellipsoid which represents the refractive index of the deformed crystal. We have seen that it is not the case : extinction is obtained when E is parallel to tetrad axes and not to the [lie] direction.
Simple elastic considerations cannot explain the effect of inclusions on their vicinity. However, it is known [7] that the result of creep at high temperature is a glide in (100) : in figures 1 and 2, we observe piezobirefringence induced by dislocations in glide planes. Localized electric fields due to the perturbed potential near the dislocation exist and can be particularly efficient for exciton dissociation in free carriers. The efficiency of this process depends on the density of strained zone in the crystal (Fig. 3) and on their electrical state (Fig. 5) . In Co samples, at low applied electric fields, the strained zones are screened so that the localized electric fields act only at low distance from the dislocation. As the screening charge vanishes (between 0.5 and 10 V), localized electric fields act at larger distance, in region where the lattice is less deformed.
The release of carriers by excitons in CuzO at 4 K appears as strongly inhomogeneous. This statement is valid for the excitonic photocurrent as well as for the photocurrent which corresponds to the band to band transition. It is probable that even at 5 700 A the separation between electron and hole is not complete : geminate recombination occurs and gives rise to exciton formation.
The photoconductivity is not the only property perturbed by the inhomogeneous character of the crystal. At low temperature, the width of the 1 S line depends on the relaxation process of excitons. If we suppose the existence of a random distribution of defects inside the crystal, we can express the shape of the 1 S line in terms of an inhomogeneous broadening 191. This shape is given by the integral :
where u is the frequency of the light and o, a parameter which characterizes the linewidth and depends on the concentration of defects. In figure 6 , the 1 S absorption line is represented in full line, according to experimental results of J. C . Merle [lo] . The circles represent the calculated values according to the upper formula with oo = 0.5 cm-I. The fitting is fairly good as we don't take into account the nature of the defect. 
5.
Conclusion. -Further experiments are desirable to specify the model of exciton dissociation. On one hand, we have to measure the variation of the excitonic photocurrent point by point in a given sample. On the other hand, it should be necessary to know the exact structure of the dislocations in order to calculate the exciton-dislocation interaction. Nevertheless, we point out that the excitonic photocurrent is at first sensitive to the density of inclusions. Its strong inhomogeneous character is confirmed by the comparison between absorption and photocurrent spectra, especially in the 1 S excitonic line. Relation between a p u i~ optical phenomenon (piezobirefringence) and electrical characteristics has been established.
